Abstract: This paper provides a historical perspective on construction research trends as reflected in the American Society of Civil Engineer's Journal of Construction Engineering and Management ͑JCEM͒. The paper reports the results of an 18-year analysis of JCEM between 1985 and 2002. The analysis focused on such data as author information ͑affiliations and home countries͒, as well as the research topics of the technical papers. The paper summarizes the data extracted from the journal and use it to analyze construction research trends. Construction trends reveal that U.S. writers contributed the most papers by that there has been an increasing number of international submissions to the journal. The top research topical areas relate to scheduling, productivity, constructability, simulation, cost control, planning, safety, and computer systems as described in this paper show that research is increasing throughout the world and topics are changing as current needs change. However, there is a need to increase research collaboration between industry and academia, government and academia, and industry and government to advance the construction industry.
Introduction
Construction is one of the largest industries in the United States, and one of the oldest. However it is one of the least researched. It has taken a long time for people to realize that construction is not just the laborers who are on the job site performing the actual construction, but that it also includes many professionals who focus on research and development to discover new technologies and materials that improve the methods and processes of construction. It all begins with educational programs that mold talented new engineers who are capable of research. As Robert Harris states ͑Harris 1992͒:
''The industry needs research to increase its competitive potential in innovative projects, to participate in worldwide construction, and to provide top management personnel.'' Also, in this regard Oglesby states ͑Oglesby 1990͒:
''Construction, seen as a discipline calling for higher education and research, is a relatively new phenomenon that has come into being largely since World War II. ... Until 40 years ago, the managers directing the actual on-site construction were predominantly ambitious, hard driving craftsmen who had come up through the trades. Their knowledge was gained by doing.'' Education and research allow for the development of new and promising technologies, thus creating significant savings in time and money to firms who take advantage of these developments. Since it is a rather new phenomenon, construction research is constantly changing and the best actions to take are still being debated.
The study described in this paper analyzes research trends in the global construction industry using the American Society of Civil Engineers' Journal of Construction Engineering and Management ͑JCEM͒ as the basis for this investigation. The JCEM has been one of the premier archival research publications in construction and has made significant contributions to the world of construction research. The journal was published quarterly starting in 1983 until 1998 when it became bi-monthly. Since 1983 the goal of the journal has been to ͑ASCE 2002͒:
''publish quality papers whose aims are to advance the science of construction engineering, to harmonize construction practices with design theories, and to further educate and research in construction engineering and management.'' This paper first describes the methodology used in the research trend study. Then, the paper discusses the data that was gathered from the Journal from 1985 to 2002. Next, the paper presents and discusses the construction research trends discovered by the investigation. Finally, the conclusions are stated.
Methodology
This paper reports the findings of the investigation of construction research trends as depicted by the data collected from the technical papers published in JCEM between 1985 and 2002. This period includes Volumes 111-128 of the journal. Each technical paper in each issue of the journal in the specified period was analyzed, and data were extracted and recorded. The study focused on the following data, modeled after the study conducted by the Journal of Computing in Civil Engineering ͑Lakmazaheri and Rasdorf 1998͒: journal. After the above data items were collected, construction research trends were identified and analyzed over a three arbitrarily selected six-year intervals ͑1985-1990, 1991-1996, and 1997-2002͒ .
Journal of Construction Engineering and Management Data Authors
During the time period from 1985 to 2002, 1,032 writers published in the journal. Approximately one-fourth of these authors published more than one paper. This means that a majority of the authors, about three-fourths, made a single appearance. Table 1 shows a break down of how many appearances the authors made. This is not dependent on how many coauthors there were for each paper. Each author is counted equally. Of the contributing authors during this 18 year period, 775 published only once, 120 published twice, and 137 published three or more times.
The names of the most prolific contributors to the Journal, those that contributed more than ten times, are listed in the Table  2 . Their names, how many total papers they contributed, the number of times that they were the sole author, and the number of times they were the first author of a paper are listed in the table. H. Randolph Thomas was the top contributor by far, contributing nine more papers than the second highest contributor, Clyde B. Tatum. Thomas also had many more first author appearances than any other of the highest contributors. The highest sole author contributors were Clyde B. Tatum and Robert I. Carr, who both contributed seven sole author papers.
There were 879 total technical papers published, of which 213 were written by single authors, 658 were written by more than one author, and 8 papers were written by an ASCE committee. The four ASCE committees that contributed to the journal during this time period were the Committee on Construction Equipment and Techniques, the Committee on Construction of Nuclear and Power Generation Facilities, the Committee on Specifications, and the Task Committee on Productivity. There were a total of 153 sole authors that wrote the 213 sole author papers, of which 120 wrote only one sole author paper. This leaves 33 authors that contributed more than once as a sole author. There were 400 first authors that contributed to these papers, of which 290 were only the first author on one paper. The other 110 contributed more than once as a first author.
Author Relationship to American Society of Civil Engineers
Of the 1,032 total authors, 52.2% had some relationship to ASCE. Fig. 1 provides a breakdown of members by the type of membership. Note that a majority of the authors related to ASCE were general members of ASCE, followed second by associate members.
Represented Countries
The 1,032 total authors that contributed to the Journal during these years represent six different continents and 46 different countries. The authors represent all continents except for Antarctica. North America was represented the most, contributing 74% of the papers. In second place was Asia, contributing 15% of the papers. The countries represented by the authors of more than two papers are shown in Table 3 . They are listed in order of decreasing contribution.
The countries that contributed two papers during the study period are: Beijing, Chile, Croatia, Germany, India, Italy, Jordan, Lebanon, Mexico, and South Africa. The countries that contributed one paper are: Argentina, Costa Rica, Kenya, Liberia, Lithuania, Malawi, Malaysia, Northern Cyprus, Palestine, Philippines, Qatar, Scotland, Spain, Sweden, Switzerland, Thailand, and the United Arab Emirates. Represented States in the United States
Within the United States the authors represent 40 of the 50 states. The states that contributed more than two papers are shown in Table 4 . Of all these states California contributed the most papers making up 12% of the total. Texas came in second place with 10%.
Organizations
Of all 1,032 total authors that contributed papers to JCEM during this period, 79.4% were academic authors, 18.4% were industry authors, and 2.2% were government authors. Of the 879 total technical papers published during this period, 226 ͑26%͒ represent a collaboration of these three types of authors. Many of the authors from industry and government were coauthors on papers that were also contributed by academic authors. No papers were jointly written by industry and government authors.
Academic
Throughout the study period, academics were the main contributing authors to the Journal of Construction Engineering and Management. Academics include anyone employed at a university, college, or technical school. These jobs include, but are not limited to, professors, associate professors, assistant professors, deans, doctoral candidates, eminent scholars, fellows, graduate students, department heads, postdoctoral scholars, research associates, and undergraduate students. Fig. 2 illustrates the breakdown of the contributions by the type of academic authors. Table 5 shows the institutions of higher education that are ranked the top five for total contributions of papers over this time period. The ranking is directly related to the top contributing authors.
There are other institutions that also contributed many papers to JCEM. The other schools that contributed more than ten papers during the study period are: Univ. 
Industry and Government
Industry and government authors also contributed to JCEM. Of the 1,853 total author appearances, 336 were from the industry. Industry authors include all types of industry personnel, including business owners, project managers, and industry researchers. Government officials also contributed to the journal as authors. Government agencies had 40 contributing authors over the study period. These authors were from the United States Army, Air Force, and Navy. Of these 40, 20 were from the Navy, 16 from the Army, and four from the Air Force. During this period there were no technical papers published by government officials from any other countries.
Construction Research Topics
For this analysis each paper was classified based on the main construction topic that it discussed. Although the topic of many of the papers could fall into serveral different catagories, only the main topic is used to classify each paper. Research topics are categorized based on the list of keywords used by JCEM to classify articles. From 1985 through the present issue of 2002 there were 198 topics of technical papers. Table 6 lists the top construction research topics ͑nine or more papers͒ along with the number of papers that addressed these topics.
Construction Research Trends
To discuss the trends in construction research as depicted by the Journal of Construction Engineering and Management, the 18-year period under investigation was divided into three 6-year periods. Period one is from 1985 to 1990 and includes volumes 111-116, period two is from 1991 to 1996 and includes volumes 117-122, and period three is from 1997 through 2002 and includes volumes 123-128. Statistics were calculated for the various study issues for each period. Then, period totals were analyzed and compared to identify changes and trends over time. The following subsections provide discussions on the trends for each of the main categories described in the previous section. 
Authors
The top five contributing authors during each period are shown in Tables 7, 8 , and 9. The tables also show the total number of papers written by each of these authors during the period and how many sole author and first author papers they wrote during the period. From the above tables, it is clear that with time more authors began to publish multiple papers. During period one, 29 of the authors published more than two papers. During period two there were 43 authors with more than two papers published, and by the third period this number increased to 60. This increase in the number of authors that are contributing more than two papers can be explained by the fact that during the first period there were a total of 252 papers published, increasing to 305 during the second period, and 325 during the third period. With an increase in the number of papers published also came an increase in the number of total contributing authors. During the first period, 380 authors contributed to papers published in JCEM. This increased greatly to 505 authors during the second period, and increased again to 517 during the third period.
As the total number of authors increased, the types of authors also changed, though not significantly. However, academic authors consistently contributed the majority of papers in each period: 71% in period one, 72% in period two, and 78% in period three. Industry authors contributed 25%, 24%, and 21% of the papers in periods one, two, and three, respectively. Government authors consistently contributed 4% of the published papers during periods one and two, while they only contributed 1% of published papers in the third period. During period one, 80% of the government authors were from the Navy and 20% were from the Army. During period two, 10% of government authors were from the Navy, 85% were from the Army, and 5% were from the Air Force. During period three, the Army remained the highest contributor among government authors with 64% of the government papers, while the Navy contributed 29% of the papers and the Air Force contributed 7%.
Organizations
As stated before, the majority of contributing authors came from academic institutions. Overall ͑18-year rank͒ the top five contrib- It is interesting to note that research contributions by international academic institutions are on the rise. As indicated by Table  5 , the top five ranking institutions in periods one and two came from the U.S. institutions. However, in period three, the Hong Kong Polytechnic Univ. ranked second, with an 18-year rank of 19. This trend indicates that JCEM is gaining worldwide recognition as a leading construction research publication. It also shows that construction research is gaining global appreciation and that more construction programs are becoming involved in research.
Countries
With time, an increase in the total number of contributing authors also brought an increase in international contributions. During the first period, only 21 countries contributed to the published papers. Of the 21 countries, authors from the U.S. wrote 77% of the papers. During the second period 27 countries contributed to the published papers, and U.S. contributions decreased to writing only 70% of them. During the third period, the number of countries with contributing authors again increased, this time to 35. Of the papers published during the third period only 55% were written by authors from the U.S. Table 11 lists the top contributing countries for each period. Countries with more than five contributions during each period are shown.
As Table 11 shows, Canada was always the second greatest contributing country, and with time the contributions from countries other than the U.S. continued to increase. While the United States is still the most contributing country, it is clear from the study that international contributions from such countries as Canada, Hong Kong, Singapore, Australia, Israel, are on the rise. This trend again reiterates and reinforces the trend identified and discussed regarding international institutions.
Research Topics
An increase in participation by countries other than the U.S. also changed the types of papers being published. Countries from dif- ferent parts of the world, with different economies, and different lifestyles are concerned with different aspects of the construction industry. As noted before, the most widely published topics were scheduling, productivity, constructability, simulation, planning, and safety. Table 12 lists the top construction research topics for each period. During period one, the greatest topic discussed is scheduling, followed by productivity and then management. Management is not a topic that remains at the top of the overall contribution lists. One possible reason may be the fact that there are at least two other leading journals that focus on Management issues such as the ASCE Journal of Management in Engineering and the Project Management Journal by the Project Management Institute. Also, it seems that this is a topic concentrated on more by authors from the United States rather than other countries. Five of the nine management papers written during period one were by U.S. authors. In period two, the top research topics are scheduling and constructability. These are followed by planning, productivity, safety, and simulation, all tied for third place. These top six topics for period two are also the top six topics overall. This shows that period two was a great contributor to the overall discussed topics. In period three, the top topics are simulation, scheduling, and productivity. Again all three are in the top four overall. A first place rank for simulation during period three helps it to be in fourth place overall since it was not discussed much at all during the first period.
With time, however, other countries began contributing to JCEM, causing other topics relevant to these countries to surface. An analysis of research topics by various regions of the world is shown in Table • Africa's papers mostly came from Nigeria;
• Middle East's main contributors are Israel, Egypt, and Saudi Arabia; and • South East Asia's papers came mostly from Japan and Hong Kong.
Concluding Remarks
Research will always be needed to improve design and construction practices and processes. It is needed to insure that new technology is created, but is not possible without industry support. Industry plays a key role in identifying the needs to bring realism to research, to capture the creativity of the individuals working on construction projects, and to increase applicability of research to construction processes ͑Harris 1992͒. Construction trends as described in this paper show that research is increasing throughout the world and topics are changing to address current needs. As long as these trends continue to improve in a positive way, the construction industry will be significantly enhanced by research. However, there is a need to increase research collaboration between industry and academia, between government and academia, and between industry and government to advance the construction industry.
